120 core analysis (performed by GENLabs, Thailand). The lithology of core rock was analysed using 121 an X-Ray fluorescence (XRF) spectrometer.
122
Produced water from the production wells was analysed for pH and salinity using a 123 standard pH meter (Ohaus starter3100, USA) and an electrochemical analyser (Consort C933, 124 Belgium), respectively. Concentrations of sulfate and nitrate in the produced water were 125 determined using ion chromatography (Dionex ICS-3000, USA). Iron content was analysed 126 using inductively coupled plasma optical emission spectrometry (ICP-OES). 137 NaH 2 PO 4 ), based on a core flooding protocol previously reported to be effective for oil recovery 138 (Brown 2010) . The controls and the treatments were incubated at 60 o C in a water bath (Julabo, 139 Germany) for 32 weeks.
140
141 2.4 DNA isolation and tagged 16S rDNA gene sequencing 142 The enriched core samples were separated from the fluids by centrifugation at 4,766 g for 143 5 min. The genomic DNA was extracted from 10 grams of the samples using 10 ml of lysis 144 buffer (100 mM Tris-HCl, 100 mM Na-EDTA, 100 mM NaPO 4 , pH 8.0, 1.5M NaCl and 1%
145 (v/v) CTAB) and 100 µl of proteinase K (Zhou et al. 1996) . The solution was shaken 146 horizontally at 37°C for 40 min. After that, 1 ml of 20% (v/v) SDS was added, and the solution 147 was further incubated at 65°C for 30 min. The mixture was then centrifuged at 4,766 g for 5 min
148 at room temperature. The mixture was extracted with chloroform/isoamyl alcohol (24:1 v/v) and 149 centrifuged at 4,766 g for 10 min. Genomic DNA was precipitated with 0.6 volume of 150 isopropanol at room temperature for 15 min, and the pellet was collected after centrifugation at Table 1 . It can be seen that the lithological nature of the cores, their
196 porosity and grain density were slightly different, but the degrees of permeability, which reflect the 197 mobility of petroleum liquid, had a greater variation among the samples.
198
199 Produced water from the oil wells was analysed for chemical properties, including pH 219 and salinity. In addition, the concentrations of sulfate, nitrate, and iron, which can be the source 220 of nutrition for microorganisms, were also determined. We found that the produced water from 221 most wells (excluding well 3, which is presently abandoned) does not vary significantly in 222 salinity, which is in the normal range of the salinity of onshore reservoirs. The pH of the 223 produced water from the 6 wells tested showed that the wells were slightly alkaline. As for the 224 elemental compounds, sulfate was not detected in the produced water from most wells, while
225 nitrate was present in every well, and iron in 4 out of 5 wells (Table 4 ). An analysis of a 226 representative crude oil sample from Mae Soon oil field showed that it had API gravity of 30, 227 the viscosity of 22 Cp (at 50 C), and 18 (wt%) wax (unpublished data, provided by Northern 228 Petroleum Development Center). 242 data set. The curves for nutrient-treated samples indicated that the population was less diverse 243 than the control (Fig 2A) . The highest bacterial richness was observed in sample C5N, which 244 was in accordance with the diversity estimator, Chao 1. According to Shannon's diversity 245 indices, greater bacterial diversities were observed in the controls than in the nutrient-treated 246 samples, with the exception of sample C4, in which bacterial diversity increased after being 247 treated with elemental nutrient (Fig 2B) . The diversity indices are summarised in Table 5 . Bacterial communities were analysed in the oil-bearing part of the core samples 261 submerged in the produced water and additional elemental nutrients. According to the shared 262 OTUs chart (Fig 2C) , bacterial groups in the sandstone core were altered after being treated with 263 elemental nutrients. Smaller numbers of shared OTUs between the two treatments were observed 264 compared to unique OTUs found in either produced water-treated or nutrient-treated samples.
230
265 More than one thousand unique OTUs were found in produced water-treated samples C1P -C4P
266 and nutrient-treated samples C3N -C5N. Principle Coordinated Analysis (PCoA) was performed 267 to review the relationship of bacterial communities in the cores subjected to two treatments.
268 PCoA indicated that the bacterial community profiles were associated with the treatment 269 conditions used (Fig 2D) . Comparison of the bacterial community under the different treatments 270 using unweighted UniFrac (Lozupone and Knight 2005), beta diversity of bacteria as determined 271 by permutational multivariate analysis of variance (PERMANOVA) was significantly different 272 between the two treatments (P-value < 0.05).
3.4 Bacterial community structures in oil-bearing sandstone cores
274 treated with produced water and additional elemental nutrients 275 Bacterial community profiles were studied between the two treatments at the phylum 276 level (Fig 3) . More diverse bacterial groups were observed among the control samples than in the 277 nutrient-treated samples. In the controls, bacteria in phyla Deinococcus-Thermus, 
290
The shifts in bacterial communities as a result of elemental nutrient treatments also 291 resulted in decreases in proportions of some bacterial phyla. Acidobacteria and Proteobacteria 292 (Beta) were the phyla that obviously decreased in every core sample after being treated with the 293 elemental nutrient supplements. In addition, Firmicutes (Clostridia) also decreased in the 294 majority of the nutrient-treated samples.
295
In the order level, the top five orders in the control group, according to the OTU 296 abundances, were Thermales (in C4P, C3P, and C2P), Solibacterales (in C6P), Burkholderiales 297 (in C1P and C2P), Clostridiales (in C5P), and SM1H02 (in C1P, C5P, and C2P). For the 298 nutrient-treated group, the top five orders were Pseudomonadales (in C1N, C6N and C3N),
299 Thermales (in C4N, C5N, and C2N), SM1H02 (in C3N, C2N, and C4N), Solibacterales (in 300 C3N), and Pirellulales (in C2N and C5N), although the latter two orders had the abundances 301 smaller than 10%.
302
We also determined the effects of different treatment conditions on bacterial diversity at 303 the genus level. The abundances of bacterial genera were different between the samples 304 submerged in produced water and those treated with elemental nutrient (Fig 4) . In the overall 305 picture of the reservoir, Thermus was the most abundant genus, both in the samples submerged 306 in produced water and in the samples treated with additional nutrients, having average 379 We have studied a microbial community in the Mae Soon oil-bearing sand reservoir. The 380 oil-bearing sand from cores retrieved from six wells was placed under conditions resembling the 381 reservoir's conditions, flooded with the produced water in an anoxic condition at a raised 382 temperature. We also investigated the microbial communities of the sand core samples from the 383 reservoir after the addition of elemental nutrients. We did this to evaluate the impact of a change 384 in extrinsic conditions on the bacterial communities, which will assist in designing a microbial 385 enhanced oil recovery process.
386
The relative abundance of predominant taxa found in the oil-bearing sand core samples of 387 Mae Soon reservoir showed that Deinococcus-Thermus (Deinococci) was the most abundant 388 bacterial phylum in half (three out of six) of the samples tested. As for the other three samples, 389 even though the Deinococcus-Thermus (Deinococci) was present, the predominant phyla 390 differed. Gammaproteobacteria was predominant in one sample (C1P), while in samples, C5P
391 and C6P, Firmicutes (Clostridia) and Acidobacteria (Solibacteres), were more abundant than 392 others. This is interesting because Gammaproteobacteria had been found to be a more-common 393 predominant bacterium in many other studies of oil-reservoir microbial communities than 394 Deinococcus-Thermus ). Thus, this reservoir's bacterial communities being 395 made up largely with Deinococcus-Thermus (Deinococci) is unique, although it is noted that the 396 samples in other studies were mostly reservoir fluids. The microbial structure of the oil wells 397 within the reservoir shared some common patterns, yet each well preserves its own microbial 398 composition.
399
In the genus level, sequencing of 16S rRNA gene amplicons from the reservoir samples 400 revealed several potential bacteria for microbial recovery process including Thermus,
